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Mechanical properties of C/C-Cu composites fabricated by
molten infiltration method
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Abstract: Using Ti addition to improve the wettability between the molten copper and C/C preforms, C/C-Cu composites
were fabricated by infiltrating molten copper to C/C preforms with different densities and matrix carbon types, which
were prepared by chemical vapor deposition(CVI) or resin impregnation and carbonization (I/C). The mechanical
properties of the composites and the relationship between the properties and preforms were studied. The mechanical
properties were compared with those of the widely used sliding electrical contact material. The results show that, with the
increase of the preform density, flexural strength of the composite decreases, while the impact toughness of the composite
reaches the maximum at preform density of 1.4 g/cm3 . The flexural strength and impact toughness of the composite from
CVI preform are higher than those from I/C preform. For the composite from CVI preform, the flexure fracture shows a
lot of pull-out fibers from the matrix and the dimple morphology of typical ductile fracture in the infiltrated Cu, while the
impact fracture is inclined to along the TiC/Cu(Ti) interface. The flexural strength and impact toughness of the C/C-Cu
composites, which are 180-300 MPa and higher than 3.5 J/cm?, respectively, are better than those of widely used C/Cu
sliding electric contact material, so the C/C-Cu composite is a new competitive sliding electrical contact material.

Key words: C/C-Cu composites; infiltration; mechanical properties; fracture mechanism; sliding electric contact material

B0 AR ERE L st i AN B IR, et R T 3 T AR N 52 HL S TR R
FERE/N A 2R, SCEORIEXS A RSN . R AT AR O B 22847 gl m . R

EEWE.: ERE SRR % BI5 H (2006CB600906); 15 44 T R 3£ 1 RI55 H (2007KG2017)
s HER: 2010-10-08; f&iTHHEA: 2010-11-29
BIEEE: ST, ##, Wit fif: 0731-88830894; E-mail: yimaozhong@126.com



1608 A G R

2011 £ 7 H

B K BEEERME SRS, B, e
A ZER L SRR RN A R )z tEE A
BREBT, 58 4R s AR E A0 5 5
HLPE AR . SR AR 4 LRI BEHO s R U)ok 21 43
SR AR £ R A AN AT BRI S £ T
IR (CIC) BAEMBLEA RAT SR B E PG
SHRPE L BIVELE AT AP AR A0, (R e BE AR
K. SRR ZE. I, & YRR RRE, aY)
T B TF R AL ) ek BT O ) DA A B L B K
PEBEEBUIR. N FL BB/ NOESR, Nififgmz e
RGN TR 734

IRI(C/ICu)E A MBI RS i g 240k,
FETCMIR 460 BAT B A7 Pu B R g D 78,
— P AR ) B PR A K. C/Cu EA MRl
T —HAEMRMA R —, HEP AR C/Cu H
R L p SN TR BRIV /1 57 N e R (E N A
PIRAS T PIAHAEIR S350, Cu 5 C BIAHEEIR D,
HARAATATEE N, Ft, C 5 Cu WSt &
220710 QG BRI LAIY S, TR s
Fi R MRS ES Cu B AL L C/C EEHE
i, il C/C-Cu B4 MK C/C F Cu % H 1%
SERAREEAZL, WInT LA A C/C AT Cu % H I
PR PEREDY, SRl ELvE: o (K 2 T ) b A e
SR, JBIEHI% C/C-Cu B G PRI S B s
A Cu 5 C/IC MELZ IR FREWETE , S R i 7532
Z BRI a2 ATt
Ti JCE AT ASGERS R Cu A7 88 K 3l 3 ok 2 18] ()31
e, B Ti 5 Cu f1 C [HEAHEAEH, X243 Cu/C
Fngs AR, AfidE—PEEE C/C-Cu EAEME
(1 2% ke o

ASCAES DA ET 4 (Co) BT A AR R 0 kA4, 2
SR CVIL H/C 5018 A [F) AR R RUAN R 3% FE 1)
C/C R4k, TR IMICE Ti BeEHRE Cu 5 C/C ik

R HAFZBRAAEE C/C-Cu EEMEHA )22 PERE

Z RN E,  HEARBILR Cu B Z AL
C/C IAkhifilsg C/C-Cu HEFEL. WL C/C-Cu BA
PERHI Jy 5Pk e KL IR Z MR, IF S
FHTE ARG 5 M RE AT LU, AR B M 5 il 46
C/C-Cu ELAMRLR T B RHE P47

PLSE K 0.5~0.6 g/em’ [ ZE AT I (PAN) FE 3% £F
YEEF IR B THIA, SR U/C BiZ R CVI Jefi58
L AN R 2 BE . ANRIEAAIR I C/C Wik, Fk
A T AR RR L 1. CVI AERIHGL 22 A
BIET AT, DUARC R, BN 800~1 000
C; VC RHMERIR G, BN U R R, 25
7174 2 MPa, [E4LIEE 180~200 C, AL A 800~
1000 C; A1 80T A 2 300 Co KERiE/N T 0.043
mm. ZEEH 99.8% [ Cu Al Ti # LU & LL 9:1 )
ARG, 5 C/IC IWA—RE T s, HES
B HL BT BT R AR B A A R 34 7
P, BOINIE 1300 C, FHNE B, s
FIFE AL FIB AN Z AL C/C AR, #4%5 C/C-Cu
SEME T PERE LR FH B L i [ py 5
P )R A ) o R 1 B i S P AR

KH Instron3369 AP EHALS LI A K PT2S
o, RFEERNST N 35 mmX4 mmX3 mm, HETR
= A, INEEE N 0.05 mm/min. K TB/6 3
ERENE VIR IURF.N B S U LR PR o/ S0 = S AN MY B R
mmX 10 mm X 10 mm. JJ2EPEREDRIT, ARy
H T 4E3 )2 Pl . ]l RIGAKU-3014 X SHERT L
REICHERT MeF3A &AH s A7 fgilf(EDS) JSM
5600LV B4 HLBE 0 AT A AR I ZH ZURTKT B30

Table 1 Mechanical properties of C/C-Cu composites made from different performs

Sample No. Preform Matrix ?reform . . Den§ity afteri3 Flexural strength/ Impact .
type carbon density/(g-em °) infiltration/(g-cm ™) MPa toughness/(J-cm °)
Al CVI Pyrocarbon 1.1 4.05 298.6 4.01
A2 CVI Pyrocarbon 1.3 3.78 284.7 4.67
A3 CVI Pyrocarbon 1.4 3.78 255.8 5.32
A4 CVI Pyrocarbon 1.5 3.78 223.7 4.36
A5 CVI Pyrocarbon 1.6 3.78 188.1 3.73
B rvc Resin-carbon 1.1 3.83 200.5 3.53




i

F21EE T

=+

PR, 5 HBIETIE& C/C-Cu HARPEHN %A TERE 1609

2 HR5ITR

2.1 C/C-Cu EEMRIBINIF14EE

1A FAS )8 R [ SR R (R R AR T )
HEAMEHOPUS SRR BIE AR 1 o LLE
A IR FEXRT AR B 1R 5
211 ARSI

ELii e 1 9k kE AL A1 B (TEREFTAE L, 4R
PR FBEAH RN, FH CVI ERAR BTl 4% &5 Rk i S
PIPEAR T H VC AR P £ 5 A PR R EITE o

WILIMATE Ti RGN Cu 5 C/C g2 TR 1
TR, HBVERIA I C/C-Cu EAMRI EE i CL 1%
% Cu KN Tic MUK #5958 Cu LR
C/C WARIIFLER, 1 Ti BA TiC /304 fE/85 Cu 5 C M
Z I8, HEB Cu fl C/C PRAKH B M 4R 45
WiEl 1 . WARRSI& T2AR, BisfES e
(AHZE s A ], AR B TR R R e B
MBI A ATAN R, R ) SN ], AT 530
B 75 VEREAN ] o

S FHRAdm IR R UC B IRk, T g
TRAE AT TR v R WS 4 25 18 IR 2T Y 2 TR T 1 28

B 1 JH CVIRAHIEE MBS
Fig.1  Morphologies of composite fabricated from CVI
preform: (a) Optical image; (b) SEM image
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Fig.3 Fractographs of composites made from different preforms: (a) Sample B from I/C preform; (b) Sample A3 from CVI perform
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Fig.5 Impact fractographs of different samples: (a)A3; (b)AS
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Table 2  Mechanical properties of widely used sliding
electrical contact materials
Fl 1 I t
. Density/ Hardness, exura mpac
Material (gom ) HRF strength/  toughness/
gc MPa (Jem?)
Domestic
sliding 1.66 41.0 41.0 2.29
material
Imported
sliding 2.24 84.9 55.1 3.34
material

! k 4 3 A A
Mk .‘( A N A !
B 6 sl AR A 41
Fig.6 Optical micrographs of widely used sliding electrical

contact materials: (a) Domestic material; (b) Imported material
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